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PREFACE 


This  report,  prepared  by  the  U.S.  Department  of  Energy,  Bartlesville 
Energy  Technology  Center,  for  the  U.S.  Department  of  Transportation, 
Transportation  Systems  Center,  Energy  Technology  Branch,  Cambridge  MA, 
presents  results  of  experimental  work  to  obtain  information  on  performance 
characteristics  of  an  engine  used  in  automobiles  sold  in  the  United  States. 
The  1978  Honda  98  CID  engine  used  in  this  work  is  one  of  a series  of  15 
engines  to  be  tested  in  the  current  program.  This  is  the  tenth  of  the 
reports  to  be  published  covering  work  with  those  engines. 

This  project  is  funded  by  the  National  Highway  Traffic  Safety 
Administration,  Office  of  Research  and  Development,  Office  of  Passenger 
Vehicle  Research,  Technology  Assessment  Division. 

James  A.  Kidd,  Jr.  and  Ralph  G.  Colello  of  the  U.S.  Department  of 
Transportation,  Transportation  Systems  Center,  are  the  technical  monitors. 
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1.  INTRODUCTION 


The  objective  of  this  program  is  to  obtain  engine  performance  data 
for  estimating  fuel  economy  and  emissions  for  varied  engine  service  and 
duty.  The  intent  of  the  work  done  at  the  Bartlesville  Energy  Technology 
Center  is  to  provide  basic  engine  characteristic  data  required  as  input 
for  engineering  calculations  of  fuel  consumption  and  emissions  involving 
ground  transportation. 

The  data  acquired  from  tests  of  a 1978  Honda  98  CID  engine  are  pre- 
sented in  this  report.  Honda  uses  the  98  CID  engine  in  the  Accord.  The 
Accord  is  in  the  2,250  lb  inertia  weight  class.  The  engine,  as  equipped, 
is  intended  for  use  in  a forty-nine  state  (Federal)  vehicle  with  automatic 
transmission.  The  test  results  are  sufficient  to  establish  steady-state 
maps  for  fuel  consumption  and  emissions  (carbon  monoxide,  unburned  hydro- 
carbons, and  oxides  of  nitrogen)  over  the  entire  operating  range  of  the 
engine. 
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2.  ENGINE  TEST  REPORT 


The  engine  test  setup  included  a complete  mean  tolerance  engine 
(SAE  definition)  coupled  to  an  eddy-current  dynamometer.  A cooling  tower 
was  used  in  place  of  the  fan  and  radiator.  The  alternator  was  included  but 
was  not  wired  intg  the  engine's  electrical  system.  The  emission  control  systems 
included  positive  crankcase  ventilation  and  a charcoal  canister  for  evapo- 
rative emissions.  The  manufacturer's  specifications  for  the  1978  Honda 
CVCC  (compound  vortex  controlled  combustion)  engine  are  given  in  Table  1. 


Prior  to  testing,  break-in  consisted  of  40  hours  of  operation  at  var- 
ious speed/load  modes  representative  of  normal  engine  operation.  Table  2 
contains  details  of  the  break-in  schedule.  A single  batch  of  unleaded 
regular  grade  gasoline  was  used  throughout  the  break-in  and  test;  a detailed 
fuel  analysis  is  given  in  Table  3.  Engine  testing  began  on  September  20,  1978, 
and  ended  on  October  5,  1978. 


During  steady-state  tests,  the  engine  was  operated  at  the  following 
speed/load  modes: 


Speeds:  1,000;  1,500;  2,000;  2,500;  3,600;  4,300  rpm 


Loads:  0,  10,  25,  40,  60,  75,  90,  100  pet  of  full  load 

(0,  10,  25,  60,  and  75  pet  points  were  repeated  at 
all  engine  speeds) 

Idle  speed/load  modes:  800  rpm  --  0,  7,  15  lb-ft 

650  rpm  --  8 lb-ft 

i U 

Over-speed  mode:  5,200  rpm  --  63  lb-ft  (wide-open-throttle) 

Total  number  of  test  modes 69 

Total  number  of  repeats 57 

Total  number  of  tests 126 


The  following  data  were  recorded  for  each  test  point: 

Test  number 
Data  source  code 
Date 

Barometric  pressure,  mm  Hg 
Wet  bulb  temperature,  °F 
Dry  bulb  temperature,  °F 
Inlet  air  temperature,  °F 
Speed,  rpm 

Torque,  lb-ft  --  Daytronic  strain  gauge  load  cell 

Fuel  rate,  Ib/hr  — Fluidyne  positive  displacement  fuel  flow  meter 

Ignition  timing,  °BTC 

Manifold  vacuum,  in.  Hg 

Intake  manifold  pressure,  in.  Hg 

Throttle  angle,  degrees 

CO,  pet  --  Beckman  NDIR 
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C02,  pet  — Beckman  NDIR 

02,  pet  --  Beckman  polarographic  detector 

HC,  ppmC  --  Custom-built  heated  flame  ionization  detector 

NOx,  ppm  — Thermo-Electron  chemiluminescent  detector 

Oil  temperature,  °F 

Oil  pressure,  psig 

Coolant  temperature,  °F 

Exhaust  temperature,  °F 

Exhaust  pressure,  in.  H20 

Intake  manifold  temperature,  °F 


The  following  equations  were  used  in  calculating  power,  air-fuel 
ratio,  absolute  humidity,  and  mass  emission  rates  of  carbon  monoxide  (CO), 
unburned  hydrocarbons  (HC),  and  oxides  of  nitrogen  (NOx): 


1. 


Partial  pressure  of  water  vapor  in  intake  air  (millimeters 
of  mercury) : 


P = exp 


18.717 


7308.1 
393  + D 


where  D = Dew  point,  °F 


2.  Absolute  humidity  (grains  moisture  per  pound  dry  air): 
tl  _ 4347. 8(P) 

H = F”"P 

where  B = Barometric  pressure,  mm  Hg 

3.  Humidity  correction  factor  (dimensionless): 

K - 1 , 

H 1 - 0 . 0047 ( H - 75) 


Note:  This  factor  is  used  to  correct  the  NOx  mass  emission 

rate  to  a standard  humidity  of  75  grains  moisture 
per  pound  dry  air. 

4.  Hydrogen  concentration  in  raw  exhaust  (percent): 

i_i  = x(C0)  (CO  + C02) 

2 2 (CO  + 3C02) 

where  CO  = Carbon  monoxide  concentration  (percent) 

C02  = Carbon  dioxide  concentration  (percent) 
x = Fuel  hydrogen/carbon  atomic  ratio 
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Note:  This  equation  assumes  a water-gas  shift  equilibrium 

constant: 


C 


(CO) (H20)  . 
(C02)(H2) 


= 3 


5.  Correction  factor  for  emission  concentrations  from  wet  basis 
to  dry  basis  (dimensionless): 

r _ , + (x/2) (CO  + C02)  - H2 
w 100 

Note:  In  these  tests  only  HC  is  measured  on  a wet  basis. 

All  other  species  are  measured  on  a dry  basis. 


6.  Air-fuel  ratio  (dimensionless): 


AF  = 


68.9994 


fuel 


[- 


+ ? - y) (CO)  + (2  + f - y)(C02)  + 2(02)  + ^.  . h2 


104 


CO  + C02  + Cw(HC/104) 


where  02  = Oxygen  concentration  (percent) 

NOx  = Oxides  of  nitrogen  (ppm) 

HC  = Unburned  hydrocarbon  concentration  (ppmC) 
y = Fuel  oxygen/carbon  atomic  ratio 
MWf  , = Fuel  molecular  weight  per  carbon  atom 
Tuel  = 12.01115  + 1.0079X  + 15.9994y 

7.  Carbon  monoxide  mass  emission  rate  (grams  per  hour): 


'CO 


MWco\ 

1 

O 

o 

1 

(“fuel  ) 

j^CO  + C02  + CW(%HC)J 

(453.59237) 


CO 


M. 


f 

%HC 


= Molecular  weight  of  CO  (28.01055) 
= Fuel  rate  in  Ib/hr 
= HC  (ppmC)/104 


8.  Unburned  hydrocarbon  mass  emission  rate  (grams  per  hour): 


'HC 


I 

’ (*«C)  (M^  (c„)  ' 

\MWfuelJ 

z w 

m m 

(453.59237) 


HC 


= Molecular  weight  of  hydrocarbon  per  carbon  atom 
= 12.01115  + 1.00797x  + 15.9994y 


V 


( 
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9.  Oxides  of  nitrogen  mass  emission  rate  (grams  per  hour): 


"no*)  r 

MWfuel/  [' 


(*H0X) 


(Mf) 


N°X  =lMWfuell  CO  + C02  + CW(%HC) 


] 


(453.59237)  K, 


H 


MW 


N0X 


= Molecular  weight  of  N02  = 46.0055 


%N0X  = NOx(ppm) 104 


10.  Power  (brake  horsepower  corrected  to  a standard  barometric 
pressure  of  736.6  mm  Hg  and  a standard  temperature  of  85°  F) 

„P  /_N  (T)  \ [736.6]  -/T+  460~ 

HP  "^5252.113 ) \B  - Pj  V~P5 

where  N = Engine  speed  (revolutions  per  minute) 

T = Brake  torque  (lb-ft) 
t = Air  temperature  (°F) 


3.  DISCUSSION  OF  TEST  RESULTS 


Maximum  corrected  brake  horsepower,  maximum  torque,  and  brake  specific 
fuel  consumption  (bsfc)  are  plotted  as  functions  of  engine  speed  at  wide- 
open-throttle  (WOT)  in  Figure  1.  The  maximum  brake  horsepower  and  the 
maximum  torque  produced  by  the  engine  were  similar  to  the  values  quoted 
in  Table  1 and  were  produced  at  the  same  speeds.  Minimum  bsfc  occurred 
at  1,500  rpm  Indicating  a high  efficiency  mode  at  this  speed. 

The  fuel  rates  were  found  to  be  nearly  a linear  function  of  power  for 
most  engine  speeds  except  for  the  100  pet  load  mode  for  each  speed  where 
fuel-rich  operation  caused  a significant  Increase  in  fuel  rates  (Figure  2). 
Fuel  rates  were  repeatable  for  all  speeds  duplicated.  The  air-fuel  ratios 
were  maintained  between  16  and  19  for  all  light  and  moderate  speed/load 
modes  (Figure  3).  At  the  heavy  load  operating  modes  (greater  than  60 
percent  of  full  load)  air-fuel  ratios  were  significantly  reduced  due  to 
operation  at  the  near  WOT. 

Emissions  of  CO,  HC  and  N0x  are  plotted  as  a function  of  power  for  all 
engine  speeds  (Figures  4 thru  6).  Emissions  of  CO  and  HC  were  maintained 
at  reasonably  low  levels  for  most  speed/load  modes.  At  WOT  and  at  the  two 
higher  speeds  (4,300  rpm  and  5,000  rpm),  significant  increases  in  the  emis- 
sions of  CO  and  HC  were  observed.  These  increases  correspond  to  fluctu- 
ations in  the  air-fuel  ratio.  Emission  rates  of  NO*  tended  :to  Peak  between 
75  and  90  percent  of  full  load  for  all  ertgine  speeds.  These  N0x  peaks 
correspond  to  engine  operation  near  stoichiometric  where  emissions  of  N0x 
are  typically  at  their  highest  level.  The  emission  rates  of  CO,  HC,  and 
NOx  were  repeatable  for  all  speeds  tested. 


4.  CONCLUSIONS 


The  experimental  work  to  obtain  performance  data  for  a 1978  Honda 
98  CID  engine  has  been  completed;  these  data  are  presented  in  the  tables 
accompanying  this  report. 
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TABLE  1.  MANUFACTURER'S  ENGINE  SPECIFICATIONS 


Displacement,  cubic  inches 98-CID 

Maximum  horsepower,  bhp  @ 5,000  rpm 68 

Maximum  torque,  lb-ft  @ 3,000  rpm 85 

Bore  and  stroke,  inches 2.91  x 3.66 

Configuration 4-Cylinder  in- 

line, transverse 

Compression  ratio 8.0  to  1 

Firing  order 1-3-4-2 

Ignition  timing  at  idle  speed,  BTDC  @ 650  rpm 6° 

Block  material cast  iron 

Head  material aluminum  alloy 

Number  of  crankshaft  main  bearing 5 

Number  of  compression  rings/piston 2 

Number  of  oil  rings/piston 1 

Cam  drive  type belt 

Valve  timing: 

Intake  opens,  °BTDC  42 

Intake  closes,  °ABDC  87 

Exhaust  opens,  °BBDC  92 

Exhaust  closes,  °ATDC  42 

Auxiliary  valve: 

Opens,  °BTDC  8 

Closes,  °ABDC 48 

Spark  plug  gap,  inches . . .030 

Weight  of  engine,  lb 368 

Crankcase  emission  control: 

Control  method positive  crankcase 

ventilation 

Point  of  discharge air  cleaner 

Carburetor  type 3-Barrel  downdraft 

Distributor  specifications: 

Centrifugal  advance,  begins,  ° @ 1,075  rpm 0 

Centrifugal  advance,  intermediate, 

° @ 1,800  rpm 11 

Centrifugal  advance,  full,  0 @ 2,800  rpm 18 

Vacuum  advance,  begins,  ° @ 4.72  in.  Hg 0 

Vacuum  advance,  maximum,  0 @ 8.27  in.  Hg 15 

Carburetor  number CA24B013855 

Distributor  number D409-66  803 


(Revised  March  1979) 
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TABLE  2.  ENGINE  BREAK  IN  SCHEDULE 


Simulated  vehicle 
speed,  mph 

Engine  speed, 
rpm 

Intake  manifold 
vacuum,  in.  Hg 

Fraction  of  time 
in  mode 

Idle 

650 

20.5 

1/10 

20 

1,150 

18 

II 

30 

1,700 

17.5 

II 

40 

2,300 

16 

II 

50 

2,850 

13.5 

II 

60 

3,400 

10 

II 

25 

1,400 

17 

II 

35 

2,000 

16.5 

II 

45 

2,600 

14.5 

II 

55 

3,150 

11.6 

II 

Mileage  per  cycle  = 90  miles. 

Total  mileage  accumulated  over  40  hours  break-in  period  = 1,440  miles. 
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TABLE  3.  FUEL  ANALYSIS 


Fuel  No 7718 

Research  octane  No 91.8 

Motor  octane  No 84.0 

Specific  gravity 0.717 

API  gravity,  degrees 65.9 

Distillation,  °F: 

10  pet  evaporated 123 

50  pet  " 209 

95  pet  " 402 

100  pet  " 413 

Reid  vapor  pressure,  psi 11.26 

FIA  analysis,  pet: 

Aromatics 9 

Olefins 15 

Paraffins 76 

Sulfur,  pet 0.016 

Lead,  grams  per  gallon Trace 

Hydrogen/carbon  atomic  ratio 2.038 
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CORRECTED  BRAKE  HP 


FIGURE  1.  Brake  Specific  Fuel  Consumption,  Torque,  and 
Brake  Horsepower  versus  Engine  rpn  at  Wide- 
Open-Throttle--Honda  98-CID  Engine. 
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CORRECTED  TORQUE,  lb-ft 


- POWER,  bhp 

FIGURE  2.  Fuel  Rate  versus  Power  at  Various 
Speed  and  Load  Conditions--Honda 
98-CID  Engine. 
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3,000  rpm 


POWER,  bhp 

FIGURE  3.  Air-Fuel  Ratio  versus  Power  at 

Various  Speed  and  Load  Conditions 
--Honda  98-CID  Engine. 


1 3 


POWER,  bhp 

FIGURE  4.  Hydrocarbon  Emissions  versus  Power  at 
Various  Speed  and  Load  Conditions — 
Honda  98-CID  Engine. 
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3.000  rpm 


12,000 

10,000 

8,000 

6,000 

4.000 

2.000 


16  24  ' 32 40  48 


POWER,  bhp 


FIGURE  5. 


Carbon  Monoxide  Emissions  versus  Power 
at  Various  Speed  and  Load  Conditions-- 
Honda  98-CID  Engine. 
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OXIDES  OF  NITROGEN,  grams/hour 


______  _ POWER,  bhp 

FIGURE  6.  Oxides  of  Nitrogen  Emissions  versus 
Power  at  Various  Speed  and  Load 
Conditions--Honda  93-CID  Engine. 
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